Obesity in pregnancy is associated with increased pregnancy complications such as congenital malformations, stillbirths, macrosomia, neonates with low Apgar scores, pre-eclampsia, and gestational diabetes. In addition to these adverse outcomes, obese women face additional challenges due to longer labor progression, increased cesarean deliveries and postoperative complications, difficulties in administering anesthesia, and increased risk of thromboembolic disease. The purpose of this review is to provide an evidence-based guide to obstetric providers when caring for obese women in the intrapartum and postpartum period.
Introduction
Obesity affects more than 30% of reproductive age women and continues to be a major public health problem in the United States [1] . The rate of morbid obesity in reproductive age women exceeds 7%, which is 50% higher compared to men in the same age group [1] . Prevalence studies of women who have recently given birth found that approximately 1 in 5 was obese. The prevalence rate varies based on state and race/ethnicity [2] . The highest prevalence of pre-pregnancy obesity was found in Mississippi (24.2%) and West Virginia (25.1%) and the lowest prevalence was noted in Colorado (13.9%) and Utah (14.0%) [2] . The prevalence of pre-pregnancy obesity overall was 70% higher in non-Hispanic blacks compared to nonHispanic whites and Hispanics [2] .
Obesity in pregnancy has been associated with increased pregnancy complications. Recent studies have shown that when compared to normal weight women, obese women are at increased risk of having stillbirths [3] , cesarean section, infections, preeclampsia, and gestational diabetes [4, 5] . Their neonates are at increased risk of having congenital malformations [6] [7] [8] , being large for gestational age, and having low Apgar scores at birth [4, 5] . In addition, the mother's obesity has been linked to childhood obesity and metabolic syndrome [9, 10] .
During the intrapartum and postpartum period, obese women face additional challenges due to longer labor progression, increased cesarean section and postpartum complications rates, difficulties in administering anesthesia, and increased risk of thromboembolic disease. The purpose of this review is to provide an evidence-based guide to practitioners when caring for obese women in the intrapartum and postpartum period. For the purpose of this review, overweight is defined as body mass index (BMI) of 25 to 29.9 kg/m 2 and obesity is defined as BMI greater than or equal to 30 kg/m 2 .
Labor Induction and Progression
Studies have shown an increased risk of labor induction in obese women compared to normal weight women. In a 15-year, population-based cohort study, Robinson et al. [11] noted an increased risk of labor induction in moderately obese women compared to normal weight women with an odds ratio (OR) of 1.94 and confidence interval (CI) 1.86-2.04. This risk is even higher in severely obese women compared to normal weight women (OR 2.77, CI 2.39-3.21). Bhattacharya et al. [12] also noted higher induced labor in morbidly obese women (OR 1.8, CI 1.3-2.5) compared to normal weight women. One explanation for the increased induction rates may be related to the possible association of prolonged and postterm gestation with obesity [13, 14] . In addition to the increased induction rates, obesity is also associated with increased induction failure and this associated have been found to be directly related to class of obesity. Wolfe et al. [15] noted a failure rate as high as 80 percent in class III (BMI ≥ 40) obese women without a prior vaginal delivery and macrosomic fetus.
In addition to increased risk of labor induction, obese women have slower labor progression and increased labor augmentation. In a retrospective cohort analysis of term singleton pregnancies, Beyer et al. [16] noted a significantly longer duration of labor in the obese group. The average length of labor was 7.9 hours in the control group compared to 9.5 hours in the BMI>40 group. They did not specifically distinguish between first and second stage of labor. Both Hilliard et al. [17] and Norman et al. [18] showed longer duration of first stage labor among obese women compared to normal weight women. Norman et al. [18] specifically noted progression of the early part of the first stage is slower in obese women. Vahratian et al. [19] also examined the first stage of labor and noted longer duration of labor from 4 to 10 cm in both overweight and obese women compared to normal-weight women (7.5, 7.9, and 6.2 hours, respectively). Jensen et al. [20] noted a significant increase in labor augmentation with oxytocin or early amniotomy in obese women. In a cohort of nulliparous women undergoing labor induction, maternal weight was inversely proportional to the cervical dilation rate and associated with longer labor [21] . In contrast, a study conducted by the Maternal-Fetal Medicine Units Network specifically examined the second stage of labor and did not find a significant association between maternal BMI and longer second stage of labor or increased risk of cesarean delivery [22] .
The reason for slower labor progression is unclear. One explanation may be that obese women have weaker contractions that lead to prolonged labor. Buhimschiet et al. [23] attempted to address this issue by examining intrauterine pressure of obese women in the second stage of labor and Open Access 2 found that there was no difference compared to normal weight women. Chin et al. [24] studied contraction strength in obese women in first stage of labor and showed that obese women were equally able to achieve Montevideo units ≥ 200.
Elective inductions with no clear medical indication should be avoided when caring for obese women due to the increased risk of induction failure. The diagnosis of arrest labor disorders should be made with caution given the classic Friedman's labor curve may not apply to obese women.
Vaginal Birth after Cesarean Section (VBAC)
Several studies have addressed the issue of mode of delivery for obese women with a prior cesarean delivery. The documented success rate of VBAC in obese women ranges from 13 to 68%. In 2001, Chauhan et al. [25] noted the success rate for a vaginal delivery after cesarean in obese women (defined weight greater than 300 pounds) was 13 percent and that those undergoing a trial of labor had higher rates of endometritis and wound breakdown compared to repeat elective cesarean delivery group of the same weight (OR 1.78, CI 1.05-3.02). The study was conducted during a time where overall VBAC rates were at its lowest. In 2003, Edwards et al. [26] examined VBAC versus cesarean section in 122 mother-infant pairs with mother's BMI greater than 40 and noted a VBAC success rate of 57%. They also noted an increase in rates of chorioamnionitis, endometritis, and composite puerperal infection in the VBAC group. The study also conducted a cost analysis and noted similar mean cost of care between the two groups. Similarly, in 2004, Durnwald et al. [27] noted decreased success rate of VBAC (54.6%) in the obese cohort compared to normal weight women and no difference in the success rate in overweight women (65.6%). Juhasz et al. [28] noted obese women were almost 50% less likely to have a successful VBAC compared to normal weight women (OR 0.53, CI 0.29-0.98) and those who gained more than 40 pounds were almost 40% less likely to have a successful VBAC compared to those who gained less. The highest VBAC success rate of 68% was seen in the Maternal-Fetal Medicine Units Network (MFMU) Cesarean Registry [29] . A secondary analysis of this registry conducted in 2006 showed a VBAC failure rate of 39% in morbidly obese women compared to 15% in normal weight women. Similar to previous studies, they also noted a higher rate of endometritis in obese women undergoing trial of labor compared to normal weight women undergoing trial of labor and obese women undergoing repeat cesarean section. This is the only study to note a higher rupture rate, increasing from 0.9% in normal weight women to 2.1% in morbidly obese women [30] . Lower 5 minute Apgar scores and term admissions to the NICU increased with increasing BMI, but there were no difference in birth injury, sepsis, stillbirth, or neonatal death and there were no cases of hypoxic-ischemic encephalopathy [30] .
In summary, VBAC success rate in obese women appears to be lower compared to normal weight women and maybe associated with higher infectious morbidity and rupture/dehiscence rates. Trial of labor after cesarean delivery in obese women should include extensive patient counseling and provider awareness.
Cesarean Section
Studies have noted an increased risk of cesarean delivery in obese women. A meta-analysis of 33 studies noted cesarean delivery rates among overweight and obese women to be two to three times higher compared to normal weight women [31, 32] . The odds ratio of a cesarean delivery were 1.46 (CI 1.34-1.60) among overweight, 2.05 (CI 1.86-2.27) among obese, and 2.89 (CI 2.28-3.79) in morbidly obese women compared to normal weight women [31] . Analysis from The First and Second Trimester Evaluation of Risk (FASTER) trial also noted a significant increased in rates of cesarean delivery among nulliparous women; the rate was 20.7% for normal weight women, 33.8% for obese women, and 47.4% for morbidly obese women [4] . A meta-analysis from the United Kingdom found the odds ratio for cesarean section in overweight women was 1.53 (CI 1.48-1.58), obese women was 2.26 (CI 2.04-2.51), and morbidly obese women was 3.38 (CI 2.49-4.57) compared to normal weight women [33] . Subgroup analysis of this study noted similar findings in elective cesarean delivery with odds ratio 1.32 (CI 1.21-1.45) in overweight women and 1.87 (CI 1.64-2.12) in obese women. In emergency cesarean delivery, the odds ratio was 1.64 (CI 1.55-1.73) in overweight women and 2.23 (CI 2.07-2.42) in obese women. In a retrospective cohort analysis of term, singleton pregnancies, Beyer et al. [16] found a higher rate of cesarean section in the BMI>40 group compared to the control group, 12.7% in the control verse 27.3% in the BMI>40 group.
In a population-based cross sectional study of nulliparous women at term, an increased risk of cesarean delivery was noted with increasing BMI. BMI seems to have a dose-response effect on the risk of cesarean delivery [34] . The study noted a six-fold increase in cesarean delivery in extreme morbidly obese group (BMI>50), which is nearly three times that of class I obese women (BMI 30-34.9) [34] . In a cohort of nulliparous women undergoing induction of labor, the risk of cesarean delivery was increased by 17 percent with each 10 kilogram increase in maternal weight [21] . One study examined specifically women undergoing labor induction for pre-eclampsia and noted an increased risk of cesarean delivery with increasing BMI [35] . Obesity and pre-gestational diabetes were noted to be independent risk factors for cesarean delivery [36] . Obese women with comorbiditiesare also noted to have higher cesarean deliveries rates compared to obese women without comorbidities [37] .
Obesity has been identified as an independent risk factor for both elective and emergent cesarean delivery. BMI seems to have a doseresponse effect on this risk and this risk is exacerbated by comorbid conditions, such as pregestational diabetes and pre-eclampisa.
Postpartum Concerns
Several studies have noted an association between obesity and postpartum hemorrhage [38] . Bhattachyra et al. [12] noted a 50 percent increase in postpartum hemorrhage in obese women when compared to normal weight women (OR1.5, CI 1.3-1.7). Robinson et al. [11] noted that postpartum hemorrhage was noted to be slightly increased in moderately obese women compared to nonobese women (OR 1.12, CI 1.02-1.22), although there were no differences in the rates of blood transfusion.
Obese women undergoing cesarean deliveries are also at increased risk of wound infection, ranging from 12% to 30% [39] [40] [41] [42] . Robinson et al. [11] found that compared to nonobese women, moderately obese women had a 1.7 times (OR 1.67, CI 1.38-2.00) higher risk of wound infection and severely obese women had a 4.8 times (OR 4.79, CI 3.30-6.95) higher risk of wound infection. Women who experienced wound complications were more likely to be older and had higher rates of smoking and diabetes [41] . Even with the use of prophylactic antibiotics, obesity was found to be an independent risk factor for wound infection and endometritis [42] . When examining the type of skin incision, vertical skin incision was found to be associated higher rates of wound complications [40] and increased operative time, blood loss, and vertical hysterotomy in women [41] . One study examined differences in postoperative morbidity between supraumbilical versus Pfannenstiel skin incision and noted no significant differences [43] . In a prospective controlled clinical trail, the use of closed subcutaneous drainage systems were not found to be beneficial in reducing wound breakdown [44] . On the contrary, one study noted an increased in wound complications associated with the use of subcutaneous drains at cesarean delivery [41] . Meta-analysis of 6 studies noted 34% reduction in postoperative wound disruptions with closure of the subcutaneous tissue with cesarean delivery in women with at least 2 cm of subcutaneous adipose tissue [45] . Open Access Based on the data reviewed, obesity is associated with an increased risk of postpartum hemorrhage and wound complications after cesarean delivery. The use of vertical incision compared to Pfannenstiel incision may be associated with higher complications rates. The use of subcutaneous drainage systems is not recommended for cesarean deliveries in obese patients; however, closure of the subcutaneous tissue may improve wound complication rates.
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Anesthesia Challenges
Obesity has been associated with increased risk of anesthesia-related complications [46, 47] . Difficult endotracheal intubation in an obstetric population has been noted to be 10 times higher than the general population and it is even higher in the morbidly obese cohort [48] . Administering general anesthesia to obese pregnant patients have been associated with increased aspiration and failed intubations, resulting in maternal mortality [49] .
Due to the increased risk of failed intubation, regional anesthesia is the preferred method for obese patients in labor and for cesarean delivery. However, increasing maternal BMI has been associated with increased failure rates in regional anesthesia [50] . One study noted higher initial epidural failure rates (42% versus 6%), requiring replacement of catheter, in obese women compared to normal weight women [51] . Not only do obese women have higher initial placement failure rate, there is also higher incidence of failed epidural during labor due to epidural migration in subcutaneous adipose tissue [52] . Due to these complications, it is imperative to involve anesthesia services early in the care of obese obstetric patients.
Thromboembolic Concerns
Thromboembolic disease, the leading cause of maternal death in the United States, is noted to be 4 to 5 times higher in the pregnant-state, and obesity further increases this risk. Heit et al. [53] noted the relative risk for venous thromboembolism (VTE) among pregnant or postpartum women was 4.29 (CI 2.49-5.22) and the overall incidence was 199.7 per 100,000 woman-years, with the highest incidence in the postpartum period [53] . James et al. [54] noted a rate of 1.72 per 1000 deliveries with 1.1 deaths per 100,000. Obesity increased the risk of VTE by 4.4 times (OR 4.4, CI 3.4-5.7) [54] . Another study from the United Kingdom noted the incidence of antenatal pulmonary embolism (PE) to be 1.3 per 10,000 women and the main risk factors were multipartiy and BMI>30 kg/m 2 [55] . Incidence of VTE was noted to be increased with increasing BMI in a population-based study of 142,000 singleton deliveries in Canada [11] . When compared to nonobese women, moderately obese women had double the risk of antepartum VTE (OR 2.17, CI 1.30-3.63) and severely obese women had four times the risk of antepartum VTE (OR 4.13, CI 1.26-13.54) [11] . A Danish study noted obesity to be associated with increased risk of VTE during pregnancy and puerperium (OR 5.3, CI 2.1-13.5). Specifically, obesity was associated with a higher risk of PE (OR 14.9, CI 3.0-74.8) compared to deep venous thrombosis (OR 4.4, CI 1.6-11.9) [56] . In a study from Norway, BMI>25 kg/m 2 in combination with immobilization increased the risk of antepartum VTE by 62 folds (OR 62.3, CI 12.5-338.0) [57] .
Based on the current recommendations from the American College of Chest Physicians, initiation of pharmacologic thromboprophylaxis during pregnancy and postpartum is stratified based on history of previous VTE or the presence thrombophilia [58] . For patients undergoing cesarean delivery with increased risk of VTE due to the presence of one major risk factor or at least two minor risk factors, pharmacologic thromboprophylaxis or mechanical prophylaxis is recommended. If the patients have multiple additional risk factors for VTE and undergoing cesarean delivery, pharmacologic prophylaxis should be combined with the use of mechanical prophylaxis [58] . The recommendation of bed rest in pregnancy should be made with caution as it significantly increases the risk of VTE in obese patients.
Conclusion
Obese women in the intrapartum and postpartum period face unique challenges that include slower labor progression, decreased VBAC success rates, and increased risk of cesarean delivery, postpartum hemorrhage, infection, anesthesia failure, VTE risk. In summary, when caring for obese women:
• Elective inductions with no clear medical indication should be avoided in obese women due to the increased risk of induction failure and increased risk of cesarean complications.
• The diagnosis of arrest labor disorders should also be made with caution given the classic Friedman's labor curve may not apply to obese women.
• Trial of labor after cesarean delivery in obese women should include extensive patient counseling given decreased VBAC success rate and may be associated with higher infectious morbidity and rupture/ dehiscence rates.
• The use of vertical incision is not beneficial over other incision types.
• The use of subcutaneous drainage systems is not recommended for cesarean deliveries in obese women.
• Closure of the subcutaneous tissue may improve wound complication rates.
